Abstract Preferred viewing distance (PVD), which is the viewing distance favored in the home viewing environment, is important for overall TV broadcasting system assessments to guarantee the image quality of TV programs. Previous studies have suggested that image size and resolution have little effect on the PVD.
Introduction
Ultra-high-definition TV (UHDTV) systems, which have been proposed for future broadcasting systems horizontal pixels and is often called the "8k system" due to its horizontal pixel number.
To produce programs for TVs with a wide FOV and high spatial resolution, new camera techniques may replace conventional ones. In traditional TV program production, zoom-ins are frequently used to show the details of an object of interest because the spatial resolution of conventional TVs is low. Moreover, the camera must pursue a moving object to keep it continuously in the TV frame; otherwise, the object quickly moves out of the frame if the camera orientation is fixed. A TV system with a wide FOV and high spatial resolution displays an improved ability to show the details of objects-an ability that reduces the demand for zoom-ins. In addition, given its wide FOV, such a system also exhibits an improved ability to show moving objects with less camera movement. In fact, excessive camera movement in producing wide-FOV TV programs can increase the likelihood of visually induced motion sickness in viewers 5) . Avoiding excessive camera movement or changes in camera orientation (i.e., panning and tilting) is desirable for reducing the risk of motion sickness. 
TV Viewing Distances
In designing a TV broadcasting system, engineers should carefully consider two TV viewing distances: the design viewing distance (DVD) and preferred viewing distance (PVD).
Design viewing distance (DVD)
The DVD is important in TV broadcasting system assessments such as the subjective evaluation of image quality and performance evaluation of audio-visual equipment used in the broadcasting studio. The DVD is included among the standard viewing conditions recommended by the International Telecommunication Union, Radiocommunication Sector (ITU-R) 6) , which are useful for comparing the experimental results of various laboratories. In HDTV assessments, the standard viewing distance is three times the image height (3H).
Although the rationale for this standard is not necessarily clear, three lines of convergent evidence have been used.
1. The standard viewing distance can be determined as a result of a subjective experiment 7) .
2. The subjective image quality corresponding to that of the HDTV can be defined as a function of the viewing distance 8) .
3. The standard viewing distance can be defined as the distance where viewers with a visual acuity (VA) of 4) and visually-induced motion sickness 5) .
Preferred viewing distance (PVD)
The PVD, which is defined as the favored viewing distance in the home viewing environment 7)9)10) , depends on the screen size or image height. When the PVD is represented as the ratio to the image height, it decreases as the image height increases. The PVD differs between still and moving images 10) . These results . However, this appears to be inconsistent with the ITU-R BT.1127 8) , which defines TV image quality as a function of the relative viewing distance, and suggests that image resolution affects the image quality and viewing distance. In the studies cited above, there was only one PVD because viewers moved their chair to a preferred viewing position. If viewers could move freely to their preferred viewing position for each object viewed (e.g., by standing, which enables free excursion), the PVDs might differ from those of previous studies. This is especially true for moving images or fast changes of scene, which discourage viewers from changing their PVD because of inadequate time to move to a preferred viewing position.
In the present study, we measured dynamic changes in the PVD by giving viewers enough time to move to their preferred viewing position with long-lasting still images and a narrative that prompted them to attend to a certain part of the still images. We also tried to verify the previous result that image size and resolution have little effect on the PVD by using two LCDs that could present images that were identical except for the spatial resolution. 
Methods
The experiment was conducted according to the following procedure. The binocular VA of participants was measured after they provided signed informed consent. Participants were first shown the introduction to a TV program by using a HDTV monitor. 
Participants
Sixty-eight healthy adults were enrolled and 34 showed that an ordinary initial viewing distance such as 3H tended to prevent participants from approaching the display and noticing that it had a high spatial resolution that would enable them to watch it at a shorter distance.
After adopting an initial viewing distance of 0.75 H, most participants selected their viewing distance more freely.
Subjective Evaluation
Subjective evaluations of image quality and image detail were conducted after the participants viewed the The height from floor to center of LCD monitors were 140 cm. The participants were non-expert.
Questionnaire
In a questionnaire given 10 days after the viewing of the program, the participants were asked whether they had investigated related topics (e.g., via the Internet) after the experiment. The participants were also tested on their memory for the content. To assess recognition, the questionnaire sheet also included 63 two-alternative choices, each of which consisted of a target and a distractor. Fifty of the choices involved words, and 13 involved pictures. One of the alternatives (target) had been included in the experiment, but the other had not (distractor). The participants were instructed to check the alternative that they believed had been presented in the experiment.
Apparatus
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Data Analysis
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Results
The viewing distances of participants who watched the 430-s TV program were shorter for the 4k LCD group than for the HDTV LCD group (Fig. 1) . Two paired t-tests were conducted to assess differences in the subjective evaluation of image quality and image detail between the two LCD resolutions ( Table 1 
Discussion
We found a significant difference in mean viewing Table 1 Results of the subjective evaluations and recognitions.
2. The power spectrum of each image showed that 4k image had richer power spectrum in high spatial frequency than HDTV. This suggests that the viewing distance was related to the spatial frequency of the subject of focus presented on the TV monitor.
In previous studies on the PVD 
Conclusion
We conducted an experiment to compare behaviors 
